Satellite ozone profiles checked using ground-based laser radars
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Laser radar observations from 13 widely distributed sites confirm the high data quality of GOMOS, the first operational satellite instrument that measures ozone profiles using stellar occultations.
Public concerns about human impacts on Earth's atmosphere have been growing because of ozone layer decline, climate change, and air pollution increase. Beginning in the late 1980s, clear evidence of this impact led to the Montreal protocol for protecting the ozone layer. The further monitoring of human impacts and the effectiveness of this agreement and its amendments critically relies on the availability of key atmospheric state parameters.
Ozone is a key atmospheric trace gas species. Although its presence at high altitudes provides protection against harmful ultraviolet radiation, too much ozone in the boundary layerbetter known as 'smog'-poses a threat to human health. Therefore, it is important to observe its vertical distribution on a global scale. From the ground, the ozone layer can be monitored very accurately with a high vertical resolution using balloon sondes and laser radars. However, extending these high-quality data to a global scale requires space-borne instruments.
A wide variety of remote sensing techniques has been applied to measure ozone in the stratosphere (about 10-50km altitiude; see Figure 1 ). Solar and lunar occultation-viewing instruments, such as the Stratospheric Aerosol and Gas Experiment (SAGE) makes the GOMOS observations unique. The measurements have been subjected to thorough quality assessments to identify any dependencies on geophysical (e.g., latitude) and observational (e.g., star characteristics) parameters. This assessment is especially important since GOMOS continuously observes stars that have different visual magnitudes and (equivalent blackbody) temperatures.
The Envisat QUality Assessment with Lidar (EQUAL) project provides long-term validation support to Envisat's three atmospheric chemistry instruments, including GOMOS. This ESA-funded project involves 13 LIght Detection and Ranging (LIDAR) stations around the world (see Figure 2 ) measuring ozone and temperature profiles. DIfferential Absorption Lidar (DIAL) systems emit high-energy (∼200mJ) ultraviolet laser pulses at two different wavelengths (usually around 308 and 353nm). The differential absorption effect of ozone is exploited to derive ozone profiles between 10-and 50-km altitude, with a vertical resolution of ∼1-4km. Most systems are operated manually and generally at nighttime (see Figure 3) . Between 2002 and 2006, more than 4,000 LIDAR profiles were generated for quality assessment studies.
A comprehensive quality assessment was performed on GOMOS data collected during the first year after launch 5 . The processing has since been improved, and the whole mission data set has been reprocessed. GOMOS ozone profiles (version IPF 5.0) show excellent agreement with LIDAR (see Figure 4) . Furthermore, the complete assessment confirms that the high data quality is independent of star characteristics, interannual effects, and latitude region, with only a slight (5%) negative bias in Polar regions.
The high data quality and the prospect of the Envisat mission lasting until 2010 offer the potential to use GOMOS measurements for a wide variety of research purposes. This includes studies for ozone monitoring, as well as in numerical weather forecast models. Envisat data are freely available to scientific users, who may make inquiries at ESA's Earth Observation Helpdesk (eohelp@esa.int) or its web portal (http://eopi.esa.int/). The EQUAL project will continue to provide up-to-date quality assessment studies.
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